The present analysis aimed to investigate the changes in the reported portion sizes (PS) of foods and beverages commonly consumed by Irish adults (18 -64 years) from the North South Ireland Food Consumption Survey (NSIFCS) (1997)(1998)(1999)(2000)(2001) and the National Adult Nutrition Survey (NANS) (2008-10). Food PS, which are defined as the weight of food (g) consumed per eating occasion, were calculated for comparable foods and beverages in two nationally representative cross-sectional Irish food consumption surveys and were published in NSIFCS and NANS. Repeated measure mixed model analysis compared reported food PS at the total population level as well as subdivided by sex, age, BMI and social class. A total of thirteen commonly consumed foods were examined. The analysis demonstrated that PS significantly increased for five foods ('white sliced bread', 'brown/wholemeal breads', 'all meat, cooked', 'poultry, roasted' and 'milk'), significantly decreased for three ('potatoes', 'chips/wedges' and 'ham, sliced') and did not significantly change for five foods ('processed potato products', 'bacon/ham', 'cheese', 'yogurt' and 'butter/spreads') between the NSIFCS and the NANS. The present study demonstrates that there was considerable variation in the trends in reported food PS over this period.
Further trends in food PS using data from nationally representative surveys in the USA (the National Food Consumption Survey (NFCS) 1977, the Continuing Survey of Food Intake for Individuals (CSFII) 1989 and the CSFII 1996) also found that the reported PS of salty snacks, desserts, soft drinks, fruit drinks, hamburgers, cheeseburgers and Mexican foods had increased during a similar time period (1977 -98) (9) . However, subsequent data collection from the CSFII (1989 -91 and 1994-6) , were less conclusive, reporting that the PS of some foods were decreasing, while others were increasing (10) . In the UK, data from the National Diet and Nutrition Survey (NDNS) have also observed inconsistent trends in PS over a 20-year period (1987 -2002) (11) . For example, the PS of savoury foods increased, whereas those of different types of potatoes, potato products (i.e. chips), some fruits and vegetables and desserts decreased. In addition, analysis of the PS of foods from a variety of sources (e.g. nationally representative survey data, previous publications, manufacturers' information) between 1987 and 2006 found that the PS of some manufactured confectionery items in the UK increased, while others decreased (12) . More recently, Collins et al. (13) examined trends in food and beverage PS from 1995 to 2007 using national surveys and focusing specifically on children. Similar to previous reports, they also found inconsistencies in the changes, with eighteen food groups increasing, twenty-two decreasing and twenty remaining the same.
Many of the studies that have investigated trends in PS have limited their focus to particular foods or beverages (9, 11, 14, 15) or to a select population (9, 14, 16) , which may fail to acknowledge the public health importance of considering changes that occur across the food groups that contribute most to EI, such as 'breads, rice, pasta and cereals', 'meat and meat products' and 'dairy and eggs'. To date, there has been a paucity of information about the trends in the PS of foods and beverages consumed in Ireland. Consequently, the aim of the present study was to evaluate trends in the PS of foods commonly consumed by Irish adults (aged 18 -64 years) over a 10-year period using data from two nationally representative food consumption surveys (the North South Ireland Food Consumption Survey (NSIFCS) (1997 -2001) and the National Adult Nutrition Survey (NANS) (2008 -10) ). In addition, the present paper aimed to examine the impact of specific factors that are reported to influence PS intake, including sex, age, BMI and social class, on these trends in PS.
Experimental methods

Survey description
Trends in PS in Ireland were examined using the NSIFCS and the NANS, two cross-sectional food surveys conducted by the Irish Universities Nutrition Alliance (IUNA) (17) , a formal association of the nutrition departments at University College Cork, University College Dublin, the University of Ulster, Coleraine, and Trinity College Dublin. These studies were conducted according to the guidelines laid down in the Declaration of Helsinki, and all procedures involving human subjects were approved by the relevant research ethics committees at University College Cork, Trinity College Dublin and University College Dublin. Written informed consent was obtained from all participants. The NSIFCS assessed food intake with a 7 d semi-weighed food record, whereas the NANS employed a 4 d semi-weighed food record. In addition to collecting data from 18-to 64-year-olds, the NANS also collected data from adults aged 65 years and older; however, only data from adults aged 18 -64 years are considered in the present paper to allow a direct comparison with the NSIFCS. Response rates were 63 and 60 % for the NSIFCS and the NANS, respectively. Full details of the survey methodologies are described elsewhere (17, 18) .
Assessment of food portion size
Definition of food portion size. Food PS was defined as the weight of a food or beverage consumed during an eating occasion (weight served (g) minus leftovers (g)). An eating occasion refers to any meal, snack or beverage consumed and reported by the subject in their food diary; for example, if a participant stated that in 1 d he or she consumed three main meals (food and beverages) and on two other separate occasions consumed a cup of tea or coffee (beverage only), this would result in a total of five eating occasions: three with combined food and beverage and two with beverage only. This method of defining eating occasions has been used in previous food consumption and PS analysis (11, 13) .
Quantification of food portion sizes consumed and estimation of food intake data. Each participant in both the NSIFCS and the NANS kept a written record of all food and drink consumed for the duration of the study (7 d in the NSIFCS and 4 d in the NANS). For both studies, a fieldworker made multiple visits (of on average of 30 min per visit) to each respondent during the recording period, including; (1) a training visit to demonstrate how to keep the food diary; (2) in the NANS, a second visit 2 d into the recording period to review the diary, check for completeness and clarify details regarding specific food descriptors and quantities using the hierarchical approach described later in the paper; in the NSIFCS, two visits on day 2 and day 4 or 5 to review the diary, check for completeness and clarify details regarding specific food descriptors and quantities using the hierarchical approach described later in the paper; and (3) a final visit 1 or 2 d after the end of the recording period to check the final days and to collect the diary.
A protocol for the quantification of PS was established by the IUNA for the NSIFCS (18) and was subsequently adapted for the NANS. A hierarchical approach was developed; food and drinks were quantified by several different methods, as outlined later in the paper. If it was not possible to quantify a food or drink with the first method, the subsequent method was used, and so on.
Weighing. In the NSIFCS, participants were asked to record all food and beverage intake over a 7 d period. In that study, the respondents were not issued with scales; instead, during the field visits to the participants' homes, the researchers weighed the PS of commonly consumed foods in the participants' dietary records (such as breakfast cereals, milk (on cereal and added to tea or coffee), spreading fats, slices of bread and beverages, such as tea, coffee, juice and alcohol) using Soehnle Vita 8020 (2000gXlg) or Acculab (4000gXlg) scales (18) . In the NANS, each participant was provided with a calibrated digital food scale (Tanita 401C-GB) and given detailed instructions regarding its use. Participants were asked to weigh as many foods as possible throughout the survey period (17) .
Photographic food atlas. A photographic food atlas of foods that are commonly consumed in Ireland was developed specifically for the NSIFCS (19) . An alternative food atlas was used in the NANS (20) . In each case, participants were asked to describe food quantities in terms of fractions or multiples of the amounts illustrated in the food atlas. Once the portion consumed was identified by the participants, the code and corresponding weight were inputted by the researcher.
Manufacturer's weights. Researchers determined food PS from manufacturers' weights printed on food packaging or obtained directly from the manufacturers. To facilitate the collection of such data, participants were asked to retain food and drink packaging and to return it to the researchers in both the NSIFCS and the NANS. Data determined from the food packages and manufacturers were subsequently inputted by the researcher.
Irish Universities Nutrition Alliance weights. Average PS data collated by the IUNA survey team for certain foods were applied where appropriate. These foods included items from local fast food menus and loose fruits and vegetables, which were weighed in triplicate to provide average values.
Estimated food portion sizes. In both studies, when no other information was available to estimate a PS, average weights of foods and beverages were assumed based on 'Food Portion Sizes' (21) or previously observed PS of that food by the participants during the recording period. This information was inputted by the researcher.
Household measures. Measures such as 'teaspoon', 'tablespoon' and 'pint' were used to quantify foods when appropriate. Such descriptions were given by the participant, converted into g amounts and inputted by the researchers.
Estimated. A food quantity was 'estimated' if the fieldworker made an assessment of the amount that was likely consumed based on his or her knowledge of the respondent's general eating habits as they were observed during the recording period.
Food PS were included in the present analysis regardless of the method of quantification methods used.
Food intake data were analysed using WISP q (Tinuviel Software). For the NSIFCS, WISP q used data from McCance and Widdowson's The Composition of Foods (22 -30) to generate nutrient intake data. For the NANS, WISP q (Tinuviel Software) used data from McCance and Widdowson's The Composition of Foods fifth (32) and sixth (31) editions plus all nine supplemental volumes (21 -29) . During the NSIFCS and the NANS, modifications were made to the food composition database to include recipes for composite dishes, nutritional supplements, generic Irish foods that were commonly consumed and new foods on the market.
Calculation of typical food portion size. Each of the foods and beverages that were consumed in the NSIFCS were allocated to one of 3060 food codes (corresponding to 222 404 eating occasions), while the foods and beverages consumed in NANS were allocated to one of 2216 food codes (corresponding to 111 656 eating occasions). The reduced number of codes in the NANS as compared to the NSIFCS was a result of the removal of redundant codes between the surveys and the merging of foods/recipes that had very similar compositions. To align the food codes within the two surveys, food codes with similar descriptions were first merged together within each individual survey so that, for example, all food codes that represented baked beans were termed 'baked beans'. The two surveys were then merged together, and a grouping variable by survey was included.
In order to calculate reported PS, a number of steps were taken at each eating occasion: first, identical food codes were aggregated within an eating occasion so that, for example, if two potatoes that were eaten at the same meal (with weights of 65 and 70 g) were entered into the food consumption database separately, the PS carried forward was 135 g. Second, certain foods have different weights depending on the form in which they are weighed (e.g. chicken weighed with or without skin or bone). For these foods, a published factor was applied so that only the PS of the edible fraction was included (24, 25, 28) . Finally, the food codes which represented food supplements were removed from analysis, resulting in a food file that contained 214 563 and 98 466 eating occasions in the NSIFCS and the NANS, respectively.
Definition of food groups and selection for present analysis. The large number of individual food codes (n 5276) allocated within the coding system were aggregated into generic food groups, e.g. eighteen different types of potatoes, including boiled, baked and roasted potatoes, became 'potatoes'. Similar to previous analyses (33) , a total of fifty food groups were derived using this process; however, only thirteen food groups ('potatoes', 'processed potato products', 'chips/ wedges', 'white sliced bread', 'brown/wholemeal breads', 'all meat, cooked', 'poultry, roasted', 'bacon/ham', 'ham, sliced', 'cheese', 'yogurt', 'butter/spreads' and 'milk') were included in the present analysis. These food groups were chosen because they were shown to contribute greatly to EI in both the NSIFCS and the NANS ( Table 2 ) (34) . The foods most commonly consumed within these groups were then selected for analysis in the present paper.
Statistical analysis
x 2 analyses were performed to compare demographic data (sex, age group, BMI and social class) between the NSIFCS and the NANS, and Mann-Whitney U tests were used to investigate differences in the macronutrient intake and mean age between the two groups. PS are reported for food and beverage items as median and 25th, 75th percentile values (g). Before statistical analysis, food PS were transformed to the log 10 because the data were not normally distributed. Individuals were classified by BMI groups as 'normal' (18·5-24·99 kg/m 2 ), 'overweight' ($25 kg/m 2 ) or 'obese' ($30 kg/m 2 ) (35) . Underweight subjects (BMI , 18·5 kg/m 2 ) were excluded in the present comparative analysis due to a low sample size: , 1·5 % in each survey. Age groups were defined as 18 -34, 35-50 and 51 -64 years, and socio-economic status (SES) was split into four groups: professional, non-manual/skilled, manual and semiskilled/unskilled, as reported earlier (34) . P values of the mean differences in reported PS for each of the foods between the NSIFCS and the NANS were obtained from linear mixed models, with a random effect to appropriately partition within-and between-respondent variability while also accounting for the meal correlation structure. PS was set as the dependent variable, with fixed effects for survey, and in the adjusted models, fixed effects for age, sex, BMI and SES were also included. Demographic and anthropometric variables (age, sex, SES and BMI) were assessed for possible effects on the differences in reported mean PS using mixed models. The effect size of the mean differences in the reported PS of foods between surveys was calculated using Cohen's d. Statistical significance was determined at the 5 % level. The dataset had valid data points for age; however, there were some missing data on BMI (9·2 % in the NSIFCS and 9·9 % in the NANS) and social class (6·1 % in the NSIFCS and 6·8 % in the NANS). Therefore, all data shown are for valid cases only. Data aggregation and statistical analysis were conducted using the Predictive Analytics Software (PASW q ) version 18.0 for Windows (SPSS, Inc.).
Results
Survey characteristics and methodologies
There were no significant differences between the number of males and females who participated in the two nationally representative surveys; however, mean age and the distribution of age did show significant differences between the surveys, with an increase in 18 -34-year-olds and a decrease in 35 -50 and 51 -64-year-olds from the NSIFCS to the NANS. There was a significant difference in BMI distribution between the two surveys, with an increase in the proportion of obese individuals from 20·4 to 26·3 %. Reported mean intake also varied between the surveys. EI over the 10 years fell significantly. Although fat and carbohydrate intake (as a percentage of EI) decreased significantly, the decrease was offset by a significant increase in protein intake over time (Table 1 ). With respect to the methodological differences between the surveys, the NSIFCS and the NANS used 7 d and 4 d diaries, respectively. In NSIFCS, this meant that there were two weekend days for every five weekdays, a ratio of 1:2·5. The NANS, which used the 4 d diary and included one weekend day, had a ratio of 1:3 weekend days to weekdays (Table 1) . There was a significant difference in the distribution of the quantification methods used between the surveys, with foods that were weighed by the participant or researcher increasing from 35·1 to 47·2 % and use of the photographic atlas also increasing from 10·6 to 15·6 % between the NSIFCS and the NANS. This was offset by a reduction in the amount of estimated food weights between the two surveys, with a reported 12·0 % estimated in the NSIFCS and 2·5 % estimated in the NANS.
Changes in reported portion size from the North South Ireland Food Consumption Survey to the National Adult Nutrition Survey at the total population level A total of thirteen foods were included in the analyses (all figures in this section refer to median values). Overall, at the population level, dairy products ('cheese', 'yogurt' and 'butter/spreads') showed the greatest stability in PS over the 10 years. In contrast, a general decrease in the PS of 'potatoes' and 'chips/wedges' and an increase in some meats ('all meat, cooked' and 'poultry, roasted') were observed ( Table 2) . Looking more specifically at the total population between the NSIFCS and the NANS, a significant decrease in reported PS was observed for 'potatoes' (240-181 g) and 'chips/wedges' (200 -150 g). Although the P value was not significant (P,0·051), the PS of processed potato products increased slightly over the 10 years for the total population ( Table 2 ). The reported PS of 'white sliced bread' and 'brown/wholemeal breads' both increased significantly from the NSIFCS to the NANS (60 -72 and 70 -72 g, respectively) when the total population was considered. The PS of 'all meat, cooked' and 'poultry, roasted' also increased significantly over time (84 -100 and 72 -100 g, respectively) ( Table 2) , whereas the reported PS of 'ham, sliced' decreased significantly between the NSIFCS and the NANS at the total population level (35 -34 g). There were no significant changes observed for reported PS of 'cheese', 'yogurt' or 'butter/spreads' at the total population level. The reported PS of 'milk' increased significantly at the total population level (46-48 g) ( Table 2) . When using general linear model analysis, significant differences were seen in eight food groups, and effect sizes ranged from 0·00 to 0·54, with the majority of changes being considered negligible (,0·2) or small (0·2-0·5). Only one food, 'potatoes', showed a moderate change, reporting an effect size of 0·54, with a mean change of 117 g between surveys.
Impact of demographics on changes in reported portion size from the North South Ireland Food Consumption Survey to the National Adult Nutrition Survey
Further analysis investigating the effects of subject demographics (sex, age, BMI and social class) on trends identified a number of significant changes within the aforementioned Table 2 . CL, confidence limit. * P value denotes mean differences for the total population between the NSIFCS and the NANS, estimated using linear mixed models, with a random effect for participant and corrected for sex, age, BMI and socio-economic status. † Between survey effect size d calculated using method of Cohen (46) . § CL are reported as the exponential figure of the lower and upper CL; t denotes the t statistic figure. demographic categories. At the total population level, the decrease in the PS of 'potatoes' was significantly different in males as compared to females (P¼0·01) ( Table 3 , Fig. 1(a) ). With respect to milk, females reported a significant increase in PS, and males demonstrated a decrease ( Table 3 , Fig. 1(b) ) (P¼0·001). 'Butter/spreads' intake between the NSIFCS and the NANS demonstrated males to have a decreasing trend, while females had an increasing trend ( Table 3 , Fig. 1(c) ). 'Brown/wholemeal breads' intake increased significantly in females as compared to males from the NCIFCS to the NANS ( Table 3 , Fig. 1(d) ).
With the BMI categories, the reported PS of 'butter/spreads' remained similar in normal weight subjects, but they decreased in overweight subjects and increased in the obese category (Table 3 , Fig. 2(a) ). A significant difference (P¼0·002) was also observed for BMI with relation to milk intake; a decrease was observed in the overweight and obese groups, and only a small increase was observed in the normal weight group (Table 3 , Fig. 2(b) ).
When changes were examined by age category, a significant effect of age on PS was observed in 'potatoes', with an increase in PS reported in 18 -35-year-olds and a decrease in older consumers (Table 3 , Fig. 3(a) ). While a general increase in bread PS was seen between the two surveys, a significantly greater increase in the PS of 'white sliced bread' was observed in older age groups (35 -50 and 51 -64 years) (P¼ 0·011) compared to that reported in the youngest age group (18-35 years) (Table 3 , Fig. 3(b) ). With intake of milk, the 18 -34 age group reported an increase, but the other age groups reported a decrease ( Fig. 3(c) ) (P¼ 0·001).
Finally, examination of SES demonstrated intake of milk was significantly different between the SES groups (P¼ 0·001), with SES group 4 showing an increase and all other SES groups showing a decrease (Fig. 4 ). There was no significant effect of sex, age, BMI or social class on the PS of 'all meat, cooked', 'poultry, roasted', 'bacon/ham' or 'ham, sliced'.
Discussion
These analyses of the changes in the PS of foods that are commonly consumed in Ireland between the NSIFCS and the NANS have demonstrated a lack of consistency in trends. Of the thirteen foods examined, significant increases were observed for five ('white sliced bread', 'brown/wholemeal breads', 'all meat, cooked', 'poultry, roasted' and 'milk'), significant decreases were observed for three ('potatoes', 'chips/wedges' and 'ham, sliced') and five foods did not change significantly over time ('processed potato products', 'bacon/ham', 'cheese', 'yogurt' and 'butter/spreads'). However, although changes were seen, the size of the effects were found to be minimal.
Much of the previous research that has investigated trends in the PS of food and beverages at a population level using nationally representative surveys has taken place in the USA (9, 10, 14) and the UK (11, 12, 36) . Whitton et al. (36) reported similar results to those in the present study when comparing reported intake of foods from the 1997 and the 2008 UK NDNS, with reported median PS showing varied change: some increasing, some decreasing and others remaining the same. In contrast, in the USA, there has been a reported consistently upward trend in PS for most food groups (9, 10, 14) . These studies also vary between focusing on changes in PS based on manufacturers' weights (37 -39) , investigating changes in only selected foods rather than examining the foods that contribute most to EI using dietary data (1, 9, 14) or a combination of both (40) . Comparison of the present results with the US data shows differences: for example, the reported PS of 'poultry, all' in Ireland has increased, which contrasts with an earlier US study that found that intake of chicken significantly decreased from 107 to 95 g per eating occasion at the total population level, although that cohort was made up of all Americans aged 2þ years (10) . However, in 2009, an increase in meat consumption (meat types not specified) was also seen in the UK and was attributed to an increased affordability for such commodities (41) . In the same study, Benson (41) found a steady increase in the consumption of cereal and grain products and attributed it to the expanding availability and surging popularity of 'ethnic'/'foreign' foods. Such findings are in agreement with the present study. Further contrasts to the US study are seen in the consumption of potatoes/ processed potatoes; they decreased in the present study, but potato consumption in the form of French fries was reported to have increased in all US studies to date (9, 10) . With respect to specific demographics factors, although sex and BMI differences in food PS have been observed in earlier analyses (41) , this was not the case for the majority of food types (eight out of thirteen) in the present study, which suggests that reported trends in PS are not so strongly influenced by sex or BMI. Previous research investigating BMI and EI in an Irish population did find a positive association between BMI and daily EI (33) . However, McCarthy et al. (33) concluded that a combination of many foods, rather than one single food group, were responsible for the excess body weight. Similar findings were reported in a more recent paper, in which PS of only a limited number of food groups were positively associated with BMI at the total population level (42) . Although we looked at reported PS, and not specifically at trends in EI, the present analysis suggests more variation, with only a couple of food types showing an interaction with BMI. Findings in relation to SES and age were minimal; therefore, the level of influence of any of these demographics in the present analysis is difficult to assess. A further consideration is that the number and frequency of eating occasions may be more problematic than the PS alone (43) ; that is, the PS may remain the same or even decrease, but the food is more frequently consumed and as such has a greater impact on EI. However, this consideration is not assessed within the scope of these analyses.
There are a number of limitations to the present study. First, direct comparison between the PS derived in the present analysis and those in previous research has been limited due to differences in the time frames and methodologies employed. The analysis presented here examined changes from the NSIFCS to the NANS, which is a relatively short period compared to those in other analyses, and it will therefore not reflect changes that may have occurred before this period. For a number of reasons, several methodological decisions were made at the outset of the present analysis. First, no adjustments were made to either of the survey databases to account for under-reporting of EI, given that it is impossible to discern if under-reporters of EI are also under-reporters of PS, and the two groups should probably not be considered totally interchangeable. Second, PS were included for analysis regardless of the method of quantification used. Previously, Wrieden & Barton (44) showed that there is little difference in the EI and nutrient intake obtained from weighed foods when compared to other quantification methods combined (using data from the NDNS of adults aged 19 -64 years). As a result, Wrieden et al. (45) included both weighed and estimated (non-weighed) weights in their study of typical PS for children and adults in the UK. It is impossible to quantify the level of bias (if any) that has been introduced into the present analyses by including all methods of food PS quantification.
Although the present work has some limitations, the findings have merit in informing public health programmes that aim to address PS consumption and its link to obesity. , semi-skilled/unskilled. A colour version of this figure can be found online at http://www.journals.cambridge.org/bjn It highlighted food groups that have increased or decreased at the total population level and also highlighted how these changes occurred in specific population groups. Such data can act as a resource for typically reported PS of commonly consumed foods in Ireland for those in the food and health field and can help shape future public health campaigns that tackle PS by identifying the types of foods which are causing concern, be it those energy-dense foods which are increasing or those foods may be nutrient dense but are decreasing. It must also be noted that the use of large NFCS within the present analysis and the examination of commonly consumed foods allow for a broad, rather than targeted, analysis of PS changes over time.
In conclusion, the present analysis identified particular foods which are commonly consumed in the Irish population and have increased in reported PS from 2001 to 2011. However, there are no clear or consistent trends in the PS of foods over that decade (from the NSIFCS to the NANS) in Ireland, with some PS increasing and others decreasing or remaining the same. Clearly, this has implications for public health initiatives that are aimed at reducing PS intake in the population, and it has highlighted some foods that have shown change. The analyses presented here identify foods which have shown a significant change in self-reported PS and which will be a resource to help those within the food and health field examine future changes in food PS consumption.
